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What is claimed as new and desired to be protected by Letters Patent of the United 
States is: 
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r^^A^apicitor for a semiconductor device, said capacitor comprising: 
a dielectric layer deposited on saicN^pttom conducting layer; and 

an oxygen permeable top conducting^la^ and annealed on said dielectric 

layer. 

2. The cap: itor of claim 1, wherein said bottom conducting layer is formed of a material 
selected from the noble metal group. 



3. The capa 



itor of claim 1, wherein said bottom conducting layer is formed of a metal. 



4. The capacitor of claim 1, wherein said bottom conducting layer is formed of a metal 
10 alloy. \ 

5. The capac tor of claim 1, wherein said bottom conducting layer is formed of a 
conducting- metal oxide . 

6. The capacitor of clain^l^ said bottom conducting layer is formed of a metal 



nitride. 



15 7. The capavi^or of claim lywherein said bottom conducting layer is formed of a material 
selected . tfom the ""group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), 



Platinum 'Iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), Rhodium Oxide 

(Rh0 2 ), (phromium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), Rhemium Oxide 

i 

(Re0 3 )> Indium Oxide (Ir0 2 ), Titanium Oxides (TiO x or Ti0 2 ), Vanadium Oxides 
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(VO,t|r V0 2 ), Niobium Oxides (NbC^ or Nb0 2 ), and Tungsten Nitride (WNx, WN, or 

W 2 N). 

I 

8. The capacitor of claim 7, wherein said bottom conducting layer is formed of a material 
selected from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), 
Platinum Iridium (Ptlr), and Tungsten Nitride (WNx, WN, or W 2 N). 

9. The capacitor of claim 1, wherein said bottom conducting layer is placed on top of an 
oxygen barrier. 

10. The capacitor of claim 1, wherein said dielectric layer is a dielectric metal oxide layer. 

1 1 . The capacitor of claim 1 , wherein said dielectric layer has a dielectric constant between 7 
and 300. 

12. The capaciton of claim 1, wherein said dielectric layer is formed of a material selected 
from the group consisting of: Tantalum Oxide, Tantalum Pentoxide (Ta 2 O s ), Barium 
Strontium Titanate (BST), Alu^ninum Oxide (A1 2 0 3 ), Zirconium Oxide (Zr0 2 ), 



Praseodymium 

Strontium Bisihuth Tant'alate 



Oxide (PrO^ Tungsten Oxide (WO a ), Niobium Pentoxide (Nb 2 O s ), 
:'alate (?BST), 



Lanthanum Oxide (La 2 0 3 j, Yttrium Oxide (Y 2 O s ) and Zirconium Silicate. 



13. The capacitor c 
from the group 
Strontium 



Hafnium Oxide (Hf0 2 ), Hafnium Silicate, 



7 claim lz>wfierein said dielectric layer is formed of a material selected 
consisting of: Tantalum Oxide, Tantalum Pentoxide (Ta 2 O s ), Barium 
(BST), Strontium Bismuth Tantalate (SBT), Aluminum Oxide 
(A1 2 0 3 ), Zirconium Oxide (Zr0 2 ) and Hafnium Oxide (Hf0 2 ). 



Tita late 



v 
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14. The capacitor of claim 13, wherein said dielectric layer is Tantalum Oxide and is 
amorphous or crystalline. 

15. The capacitor of claim 1, wherein said top conducting layer is formed of a material 
selected from the noble metal group. 

5 16. The capacitor of claim 1, wherein said top conducting layer is formed of a non-oxidizing 
metal permeable to oxygen. 

17. The capacitor of claim 1, wherein said top conducting layer is formed of a conducting 
metal oxide. 

18. The capacitor of claim 1, wherein said top conducting layer is formed of a material 
10 selected from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), 

i 

Platinum Iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), Rhodium Oxide 
(Rh0 2 ), Chromium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), Rhemium Oxide 
(ReO s ), Iridium Oxide (Ir0 2 ),- Titanium Oxides (TiO x or Ti0 2 ), Vanadium Oxides 
(VOj or V0 2 ), and Niobium Oxides (NbOi or Nb0 2 ). 

15 19. The capacitor of claim 18, wherein said top conducting layer is formed of a material 
selected from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), and 
Platinum Iridium (Ptlr). 

20. The capacitor of claim 1, wherein said bottom and top conducting layers are formed of a 
material selected from the group consisting of: Platinum, Platinum Rhodium (PtRh), or 
20 Platinum Iridium (Ptlr) and said dielectric layer is a layer of Tantalum Oxide. 
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21. The capacitor of claim 1, wherein said bottom and top conducting layers are formed of a 
material selected from the group consisting of: Platinum, Platinum Rhodium (PtRh), or 
Platinum Iridium (Ptlr) and said dielectric layer is a layer of Barium Strontium Titanate 
(BST). 

5 22. The capacitor of claim 1, wherein said top conducting layer is formed of a material 
selected from the group consisting of: Platinum, Platinum Rhodium (PtRh), or 
Platinum Iridium (Ptlr) and said bottom conducting layer is a layer of Tungsten Nitride 
(WNx, WN, or W 2 N) layer and said dielectric layer is a layer of Aluminum Oxide 
(A1 2 0 3 ). 

10 23. The capacitor of claim 1, wherein said top conducting layer is annealed with an oxygen 
compound. 

24. The capacitor of claim 23, wherein said oxygen annealed layer is one annealed in the 
presence of a material selected from the group consisting of: Oxygen (0 2 ), Ozone (0 3 ), 
Nitrous Oxide (N 2 0), Nitric Oxide (NO), and water vapor (H 2 0). 

15 25. The capacitor of claim 23, wherein said oxygen annealed layer is one annealed in the 
presence of a gas mixture containing at least one element selected from the group 
consisting: Oxygen (0 2 ), Ozone (0 3 ), Nitrous Oxide (N 2 0), Nitric Oxide (NO), and 
water vapor (H 2 0). 

The capacitor of claim 23, Jlvherein oxygen annealed layer is a plasma enhanced 
annealed layer. 
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27. The capacitor of claim 26, whereiry said oxygen containing anneal is a remote plasma 
enhanced anneal. 

28. The capacitor of claim 23, whereip said oxygen containing anneal is an ultraviolet light 
enhanced anneal. 

29. The capacitor of claim 1, wherein said capacitor is a stacked capacitor. 

30. The capacitor of claim 1, wherein further comprising an access transistor connected to 
said capacitor. 

31. The capacitor of claim 1, wherein said capacitor forms part of a dynamic random access 
memory cell. 

32. AVnethod of forming a capacitor in a semiconductor device, said method comprising: 
forming a bottom conducting layer; 

forming a dielectric layer over the bottom conducting layer; 
forming a top conducting layer over the dielectric layer; and 
annealing the to]Vconductif5g layer after it is formed. 




33. A method of forming a capacitor of claim 32, wherein said capacitor is formed over a 
conductive plug, saiafrtettiosi further comprising depositing an oxygen barrier over said 
conductive plug prior to forming the bottom conducting layer. 

34. A method oftforming a capacitor of claim 32, said method further comprising: 
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anndaling the dielectric layer after it is formed. 

3 5. A method of forming a capacitor of claim 32, wherein said bottom conducting layer is 
formed of a material selected from the noble metal group. 

36. A method of forming a capacitor of claim 32, wherein said bottom conducting layer is 
5 formedlof a metal. 

37. A method of forming a capacitor of claim 32, wherein said bottom conducting layer is 
formed of a metal alloy. 

38. A method of forming a capacitor of claim 32, wherein said bottom conducting layer is 
formed off a conducting metal oxide. 

10 39. A method! of forming a capacitor of claim 32, wherein said bottom conducting layer is 
formed of i metal nitride. 



40. A method 
formed of 
Rhodium ( 



of forming a^capacitoX of claim 32, wherein said bottom conducting layer is 
materia/1 selected torn the group consisting of: Platinum (Pt), Platinum 
tRh), Platiium /iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), 
15 Rhodium (Jxide (RWQ^f ChWiium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), 

Rhemium Oxide (ReO s ), Iridium Oxide (Ir0 2 ), Titanium Oxides (TiO x or Ti0 2 ), 
Vanadium Oxides (VO l or V0 2 ), Niobium Oxides (Nb0 2 or Nb0 2 ), and Tungsten 
Nitride (WnA WN or W 2 N). 
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41. A rfiethod of forming a capacitor of claim 40, wherein said bottom conducting layer is 
formed of a material selected from the group consisting of: Platinum (Pt), Platinum 
Rhc dium (PtRh), Platinum Iridium (Mr), and Tungsten Nitride (WNx, WN or W 2 N). 

42. A method of forming a capacitor of claim 32, wherein said dielectric layer is a dielectric 
metal oxide layer. 

43. A method of forming a capacitor of claim 32, wherein said dielectric layer has a dielectric 
constant between 7 and 300. 

44. A metnod of forming a capacitor of claim 32, wherein said dielectric layer is formed of a 
material selected from the group consisting of: Tantalum Oxide, Tantalum Pentoxide 
(Ta 2 0 5 )l Barium Strontium Titanate (BST), Aluminum Oxide (A1 2 0 3 ), Zirconium Oxide 
(Zr0 2 ), IPraseodymium Oxide (Pr0 2 ), Tungsten Oxide (WO s ), Niobium Pentoxide 
(Nb 2 0 5 ),| Strontium Bismuth Tantalate (SBT), Hafnium Oxide (Hf0 2 ), Hafnium 
Silicate, Ljanthanum p?ade-(I^ 2 0 3 ), Yttrium Oxide (Y 2 0 3 ), and Zirconium Silicate. 




45. A methodlof forming a capacitoj- of claim 44, wherein said dielectric layer is formed of a 
material selected from the ferjbup consisting of: Tantalum Oxide, Tantalum Pentoxide 
(Ta 2 O s ), flarium Wntidp Titanate (BST), Strontium Bismuth Tantalate (BST), 
Aluminum Oxide (A1 2 0 3 ), Zirconium Oxide (Zr0 2 ) and Hafnium Oxide (Hf0 2 ). 

46. A method of forming a capacitor of claim 45, wherein said dielectric layer is Tantalum 
Oxide and is crystalline or amorphous material. 



• 

MIeror 
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47. A method of forming a capacitor of claim 46, wherein said amorphous dielectric layer is 
heated to a temperature above 200 degrees Celsius to change said dielectric layer from 
an amorphous material to a crystalline material. 

48. A method of forming a capacitor of claim 32, wherein said top conducting layer is 
5 formed of a material selected from the noble metal group. 

49. A melhod of forming a capacitor of claim 32, wherein said top conducting layer is 
formed of a non-oxidizing metal permeable to oxygen. 

50. A method of forming a capacitor of claim 32, wherein said top conducting layer is 
formed qf a conducting metal oxide. 

10 51. A method of forming a capacitor of claim 32, wherein said top conducting layer is 
formed of la material selected from the group consisting of: Platinum (Pt), Platinum 
Rhodium ^PtRh), Platinum Iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), 
Rhodium (pxide (RhjQ^l Chromium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), 
Rhemium Oxide (j^ReOA Iridium Oxide (Ir0 2 ), Titanium Oxides (TiOi or Ti0 2 ), 



15 



Vanadium Oxides (VO l or \/oi), and Niobium Oxides (NbOi or Nb0 2 ). 



52. A method 



f for] 




20 



5acitor of claim 51, wherein said top conducting layer is 
formed of a| materiaNsekfcted\from the group consisting of: Platinum (Pt), Platinum 
Rhodium (PiRh), and Platinum Iridium (Ptlr). 

53. A method oflforming a capacitor of claim 32, wherein said bottom and top conducting 
layers are fonmed of a material selected from the group consisting of: Platinum, 
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10 



15 



Platinum Rhodium (PtRh), or Platinum Iridium (Ptlr) and said dielectric layer is a layer 
of Tantalum Oxide. 

54. A mdthod of forming a capacitor of claim 32, wherein said bottom and top conducting 
layers are formed of a material selected from the group consisting of: Platinum, 
Platinum Rhodium (PtRh), or Platinum Iridium (Ptlr) and said dielectric layer is a layer 
of Bariium Strontium Titanate (BST) or Strontium Bismuth Tantalate (SBT). 

55. A menhod of forming a capacitor of claim 32, wherein said top conducting layers are 
formed of a material selected from the group consisting of: Platinum, Platinum 
Rhodium (PtRh), or Platinum Iridium (Ptlr) and said bottom conducting layer is a layer 
of Tungsten Nitride (WNx, WN or W 2 N) layer and said dielectric layer is a layer of 
Aluminum Oxide (Al 2 O s ). 

56. A method of forming a capacitor of claim 32, wherein said annealing is performed with 
an oxidizing gas. 



57. A method 



material s<: 



Oxide (N 



58. A method 
a gas mix 



of forming a o^pacitorNpf claim 56, wherein said annealing is performed with a 
ected from the group consisting of: Oxygen (0 2 ), Ozone (O s ), Nitrous 
3), Nitric [Oxide (NG>), and water vapor (H 2 0). 



20 



of forming a capacitok of dlaim 57, wherein said annealing is performed with 
re containing at least one element selected from the group consisting: 
Oxygen (Ol), Ozone (0 3 ), Nitrous Oxide (N 2 0), Nitric Oxide (NO), and water vapor 
(H 2 0). 
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59. A method of forming a capacitor of claim 56, wherein said annealing is a plasma 
enhanced annealing. 

60. A method of forming a capacitor of claim 59, wherein said annealing is a remote plasma 
enhanced annealing. 

5 61. A itiethod of forming a capacitor of claim 56, wherein said annealing is an ultraviolet 
lignt enhanced annealing. 

62. A method of forming a capacitor of claim 32, wherein said annealing is performed at a 
temperature between 300 and 800 degrees Celsius. 

63. A method of forming a capacitor of claim 62, wherein said annealing is performed at a 
10 temperature between 400 and 750 degrees Celsius. 

64. A metihod of forming a capacitor of claim 32, wherein said annealing is performed at a 
pressure between 1 and 760 torr. 

65. A metmod of forcing a capacitor of claim 64, wherein said annealing is performed at a 
pressurje betwetn 2 and 660 torr. 

15 66. A me{hod ofl forming l/capacitor of claim 32, wherein said annealing is performed for 
between 10 seconds ancl 60 minutes. 

67. A method of forming a capacitor of claim 66, wherein said annealing is performed for 
betwden 10 seconds and 30 minutes. 



v 
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68. A method of forming a capacitor of claim 32, wherein said annealing is performed in 
ie presence of an oxygen as with a gas flow rate between 0.01 and 10 liters per second. 



69. A 



processor system comprising: 



rocessor; 



an«i a memory device coupled to said processor further comprising a capacitor structure, 
wherein said capacitor structure comprises: 

a bottom conducting layer; 

a dielectric layer deposited on said bottom conducing layer; and 

an pxygen permeable top conducting layer deposited and annealed on said dielectric 
10 layer. 

70. A processor system of claim 69, wherein said capacitor further comprises: 

an anmealed dielectric layer after it is formed. 
71. The sys:em of claim 69, wherelin said bottom conducting layer is formed of a material 



selected 



from tne noble metal group. 



15 72. The system of claihv^y, whetein said bottom conducting layer is formed of a metal. 



73. The system of claim 69, wherein said bottom conducting layer is formed of a metal alloy. 



. ***** 



10 



i 
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74.Thfc system of claim 69, wherein said bottom conducting layer is formed of a conducting 
;al oxide. 



me 



or 



77. Th 



75. Th* system of claim 69, wherein said bottom conducting layer is formed of a metal 
nitride. 

5 76. Th; system of claim 69, wherein said bottom conducting layer is formed of a material 
selected from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), 
Platinum Iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), Rhodium Oxide 
(RJi0 2 ), Chromium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), Rhemium Oxide 
(R<:0 3 ), Iridium Oxide (Ir0 2 ), Titanium Oxides (TiO x or Ti0 2 ), Vanadium Oxides 
(VO x or V0 2 ), Niobium Oxides (NbO x or Nb0 2 ), and Tungsten Nitride (WN, WNX, 
^V 2 N). 



system of claim 76, wherein said bottom conducting layer is formed of a material 
from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), and 
tinum IrkikfmTPNr), and Tungsten Nitride (WN, WNX, or W 2 N). 



selected 



PI; 



15 78.Tme system of cldfim 69, wherein said bottom conducting layer is placed on top of an 
oxygdui barrier. 

79. The system of claim 69, wherein said dielectric layer is a dielectric metal oxide layer. 

80. The system of claim 69, wherein said dielectric layer has a dielectric constant between 7 
ind 300. 
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81. THe system of claim 69, wherein said dielectric layer is formed of a material selected from 
the! group consisting of: Tantalum Oxide, Tantalum Pentoxide (Ta 2 O s ), Barium 
Strdbtium Titanate (BST), Aluminum Oxide (A1 2 0 3 ), Zirconium Oxide (Zr0 2 ), 
Praseodymium Oxide (Pr0 2 ), Tungsten Oxide (WO s ), Niobium Pentoxide (Nb 2 O s ), 
Strorttium Bismuth Tantalate (SBT), Hafnium Oxide (Hf0 2 ), Hafnium Silicate, 
Lanthanum Oxide (La 2 O s ), Yttrium Oxide (Y 2 0 3 ) and Zirconium Silicate. 

82. The system of claim 81, wherein said dielectric layer is formed of a material selected from 
the group consisting of: Tantalum Pentoxide (Ta 2 O s ), Barium Strontium Titanate 
(BST), Strontium Bismuth Tantalate (SBT), Aluminum Oxide (A1 2 0 3 ), Zirconium 
Oxide <lzr0 2 ) and Hafnium Oxide (Hf0 2 ). 

83. The system of claim 69, wherein said top conducting layer is formed of a material 
selected 'from the noble metal group. 



84. The systdm of claim 
metal per neabL 



15 85. The syster 
metal oxide. 




rein said top conducting layer is formed of a non-oxidizing 



m orsclaim 6^7wherein said top conducting layer is formed of a conducting 



systc m 



20 



86. The 
selected 
Platinum 
(RhQ 2 ), 



of claim 69, wherein said top conducting layer is formed of a material 
rom the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), 
Iridium (Ptlr), Ruthenium, Ruthenium Oxide (Ru0 2 ), Rhodium Oxide 
Chromium Oxide (Cr0 2 ), Molybdenum Oxide (Mo0 2 ), Rhemium Oxide 
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(Reb 3 ), Iridium Oxide (Ir0 2 ), Titanium Oxides (TiOi or Ti0 2 ), Vanadium Oxides 
(VOi orV0 2 ), and Niobium Oxides (NbO x or Nb0 2 ). 

87. The isystem of claim 86, wherein said top conducting layer is formed of a material 
selected from the group consisting of: Platinum (Pt), Platinum Rhodium (PtRh), and 
Platinbm Iridium (Ptlr). 

88. The s>Jstem of claim 69, wherein said bottom and top conducting layers are formed of a 



materia 



selected from the group consisting of: Platinum, Platinum Rhodium (PtRh), or 



Platinum Iridium (Ptlr) and said dielectric layer is a layer of Tantalum Oxide. 



89. The sys em of claim 69, wherein said bottom and top conducting layers are formed of a 
materiaJ selected from the group consisting of: Platinum, Platinum Rhodium (PtRh), or 
Platinum Iridium (Ptlr) and said dielectric layer is a layer of Barium Strontium Titanate 
(BST). 

90. The system of claim 69, wherein said top conducting layer is formed of a material 



selectee . 



(WNx, 

(ai 2 o 3 ; 



from the aroupA consisting of: Platinum, Platinum Rhodium (PtRh), or 



Platinun Iridium vPtlr) arid said bottom conducting layer is a layer of Tungsten Nitride 



WN, or/ W 2 N) ljwer and said dielectric layer is a layer of Aluminum Oxide 



91. The system of claim 69, Wherein said post deposition annealed top conducting layer is 
annealed with an oxygen compound. 

92. The sy;tem of claim 91, wherein said oxygen annealed layer is annealed in the presence 
of a mute rial selected from the group consisting of: Oxygen (0 2 ), Ozone (O s ), Nitrous 
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OxiAe (N 2 0), Nitric Oxide (NO), and a gas mixture containing Oxygen (0 2 ), Ozone 



(O a ), 



Nitrous Oxide (N 2 0), Nitric Oxide (NO), and water vapor (H 2 0). 



93. The system of claim 91, wherein said oxygen annealed layer is annealed in the presence 
of a gas mixture containing at least one element selected from the group consisting of: 

5 Oxygen (0 2 )i Ozone (0 3 ), Nitrous Oxide (N 2 0), Nitric Oxide (NO), and water vapor 
(H 2 0) 

94. The system of claim 91, wherein said oxygen annealed layer is a plasma enhanced anneal 
layer. 



95. The 



10 



system q£^d^dm 94, wherein said oxygen containing anneal is a remote plasma 



enhanced 



96. The 




slysteilv^t claiqi 91,jwherein said oxygen containing anneal is an ultraviolet light 
enhar ced anneal. 




